Abstract: Ventilation in cities is crucial for the well being of their inhabitants. Therefore, local 1 governments require air ventilation assessments (AVAs) prior to the construction of new buildings. In influence on ventilation by building parameters, such as the plan area index, was altered when 10 unstable stratification was considered. Consequently, differences in stratification were shown to have 11 marked effects on ventilation estimates, which should be taken into consideration in future AVAs. 
Simulation setup

87
Two cases were simulated with different types of atmospheric stratification. The first case featured 88 neutral stratification, while the second had unstable stratification.
89
The simulation domains for the neutral and unstable cases are shown in Figure 1a and b, 90 respectively. The simulated city area is detailed in Figure 1c and included an area of about 91 3.9 km × 4.7 km of Kowloon City. The same city area was used for both cases. Only building height 92 information was used, and the height of the underlying terrain was neglected. The city was oriented 93 south-north along the x (streamwise) direction and east-west along the y (spanwise) direction due to 94 model constraints. A buffer region around the city ensured that the city area was not influenced by the domain 96 boundaries. The buffer region had a width of 500 m at both sides (spanwise direction) and a length of 97 1000 m at the windward and leeward sides of the city. In the neutral case, the buffer region in front 98 of the city had to be enlarged to 2000 m. The reduced mixing in the neutral case caused the blocking 99 effects of the buildings to reach further upstream than in the unstable case, which required a larger 100 windward buffer region.
To ensure a realistic turbulent inflow, a turbulence recycling method was used at the upstream boundary, which is described in more detail in Section 2.3. This method required an additional recycling domain at the inflow boundary with its length depending on the sizes of the turbulent 104 structures. In the neutral case, a length of 1 km was sufficient for the recycling domain, while a length 105 of 6 km was required in the unstable case. The outflow boundary condition used at the downstream 106 boundary is described in Section 2.4. Cyclic boundary conditions were used in the spanwise direction.
107
The total domain sizes summed to 8 km (neutral case) and 12 km (unstable case) in the streamwise 108 direction, 6 km in the spanwise direction, and 2.6 km in the vertical direction. ventilation.
126
The geostrophic wind was set to 1.5 m s −1 with a southerly wind direction (along positive x 127 direction), and the potential temperature θ was set to a constant value of 308 K within the boundary subdomain, named "recycling area" in Figure 1 , was included in the simulation domain at the inflow 146 boundary. Within this recycling area, the turbulence information Ψ was recycled. Ψ is defined as
where . . . y denotes the spatial average along the spanwise or y direction, and is calculated at 148 the downwind boundary of the recycling area. At the inflow boundary, Ψ was added to a fixed mean 149 inflow profile. Ψ was one of u, v, w or e, which were the wind velocity components in streamwise (x), 150 spanwise (y), and vertical (z) directions, and subgrid-scale turbulent kinetic energy, respectively.
151
In the case of potential temperature θ, the method was altered such that instead of the turbulent 152 signal, the instantaneous value θ was copied from the downwind boundary of the recycling area and 
176
Once negative velocities occurred at the outflow, they were artificially strengthened by the radiation 177 condition. This led to strong inward-directed artificial winds at the outflow boundary, which persisted 178 in time.
179
To prevent these strong artificial winds, a new technique was introduced to handle the outflow.
180
The instantaneous values of u, v, w, θ, and e were copied from a vertical plane (source plane), positioned 
Results
189
The following analysis showed the differences in ventilation in varying atmospheric conditions.
190
The analysis focused on the pedestrian height level 2 m above ground. All of the data are presented as 
for the neutral and unstable cases, respectively. It is obvious that V 2m was significantly higher 207 throughout the whole city area and its surroundings in the unstable case compared to the neutral case.
208
The average of V 2m in the unstable case was about 0.68 m s −1 or 1.9 times higher than that in the neutral Usually, ventilation within the city is quantified using the velocity ratio
where V ref denotes a reference velocity often defined as v h at a height well above the city to a higher wind speed (high ventilation) compared to that outside the city.
233 Figure 5a and b show the newly defined V r for the neutral and unstable cases, respectively. In the 234 neutral case, V r was significantly less than 1 within the city area. The low V r , which was related to a 235 decrease in V 2m between the surroundings and the city, resulted from the buildings that were blocking 236 the airflow within the city area. However, at the corners of exposed buildings, V r increased as the 237 air was forced to move around the buildings, which was consistent with well-known flow patterns 238 around bluff bodies [e.g., 23]. In the unstable case (Fig. 5 b) , such local influences of the buildings on A better view of the differences in V r is shown in Figure 6 , which shows the normalized velocity
Within the city, V r was up to four times higher in the unstable case than in the neutral case.
246
However, at the edges of the exposed buildings and at the windward edge of the city, V r was only 247 about 0.6 times its value in the neutral case. In the neutral case, the buildings blocked the airflow and 248 forced the air to circulate around them horizontally. For reasons of continuity, the air was accelerated 249 at the edges and decelerated at the leeward side of the buildings. In the unstable case, however, 250 stratification made it much easier for the blocked air to flow over the buildings. This significantly 251 reduced the air volume that was forced around the buildings, thereby preventing a strong increase in 252 V r around the exposed buildings. Furthermore, the enhanced vertical exchange in momentum due 253 to convection led to higher V r at the leeward side of these buildings and was also responsible for the 254 strong increase in V r within the city. The average V r was about twice as high in the unstable case than 255 in the neutral case.
256
The increase in V r within the city area for the unstable case compared to the neutral case was also 257 found by Yang and Li [13] , who reported that flow rates through street canyons were higher in an 258 unstable stratified atmosphere compared to those under conditions of neutral stratification. However,
259
the reduction of V r in the vicinity of exposed buildings was not reported, which was because Yang and
260
Li [13] only used a very simplified building setup that did not include exposed buildings.
261
Further effects of a change in stratification on the ventilation could be derived from correlations (Fig. 7a) volume was blocked at the front of the building array and forced into the streets. This effect was not 276 observed in the simulations in this study, in which streets were randomly aligned to the wind direction.
277
This reduced the potential of channeling the flow through the streets. Consequently, no dependency
278
between H avg and V r could be observed.
279 Figure 7b shows the correlation between V r and λ p . In the neutral and unstable cases, high V r 280 corresponded to low λ p and vice versa. This was also reported by Hang et al. [24] for the neutral case.
281
An area with high λ p described a dense built-up area with narrow streets where the wind velocity was 282 significantly reduced resulting in a low V r . By contrast, a mostly open-space area, where λ p was low,
283
had less influence on the wind field and therefore V r was high in such areas.
284
However, determination of the correlation varied between the neutral case and the unstable case.
285
In the neutral case, the correlation was weak as V r showed a high level of variation for a specific λ p .
286
This resulted in a low R 2 of 0.104. In the unstable case, R 2 was significantly higher than in the neutral 287 case with a value of 0.511, which resulted from less variation in V r for a given λ p . Hence, the impact of 288 λ p on ventilation was higher in the unstable case than in the neutral case. A grid sensitivity study was conducted to determine an appropriate grid width for the main and computational cost.
